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(54) FILLER FOR HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

(57)Abstract: 

PURPOSE: To obtain a filler for reversed phase distribution chromatography for identifying the molecular profile 
without using the nonpolar aromaticity by a constitution wherein a copolymer, which can be represented by a 
chemical structural formula, is bonded to a silica gel through terminal X. 

CONSTITUTION: The filter for reverse phase distribution chromatography has no aromaticity and accomplishes 
separation by carrying the nonpolarity of high molecular orientation on a silica gel. Consequently, a reversed phase 
chromatography for identifying the molecular profile through the use of molecular orientation of nonpolar phase is 
obtained. Since the nonpolar phase being carried has no aromaticity, undesired π-π interaction with salute 
molecule does not take place. Furthermore, since the nonpolar phase to be carried is a copolymer having a functional 
group X at one end thereof coupled with the silica gel, flexibility is provided and the extent of molecular orientation 
varies with the temperature. The holding time of solute can be controlled according to the variation of molecular 
orientation and the temperature is regulated to shorten the time required for analysis. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The silica gel particle which the polymer which consists of a general formula (** 1) combined through X of 
an end. 
[Formula 1] 

Ri Ri Ri 
X — { — CH2 C CH2 C — ( — CH2 C4 



n-2 

f I I 

c=o c=o c=o 

I I I 

R2 R2 R2 

[Claim 2] The particle according to claim 1 which n in ** 1 becomes from 2-200. 

[Claim 3] The particle according to claim 1 whose m R2 in ** t is 3-21 at least including three mCH(s) (CH2) in the 
chemical structure. 

[Claim 4] The particle according to claim 1 whose RI in ** 1 is a hydrogen atom or a methyl group. 



[Translation done.] 



1 / 1 



02/08/16 19:29 



httpjZ/www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

&?ustrial Application] this invention relates to the new bulking agent for reversed phase partition chromatographies. 

[Description of the Prior Art] Generally, in analysis of an organic compound, physic, food, etc., separation, etc., it goes 
across liquid chromatography broadly and it is used. Especially a reversed phase partition chromatography has the 
wide range of the target compound, and the mechanism of separation attracts attention as a method excellent in eye 
a simple hatchet As a bulking agent for the conventional reversed phase partition chromatographies, the bulking agent 
un-polarized by the octyl machine or the octadecyl machine, for example in the silica gel front face is known. 

KoblemCs) to be Solved by the Invention] However, in a bulking agent like the aforementioned silica gel particle since 
separation was performed only using the polar difference between the nonpolar phases and elut.on phases which were 
introduced on silica gel, when the polarity of the quality of a separation object was mutually similar, there was a fault 
which cannot attain good separation. Moreover, the superfluous maintenance to a bulking agent was observed in order 
to shorten analysis time in this case, the special separation operation called gradient elution was needed for the case 
where the polarity of the quality of a separation object differs remarkably, or the low case, and there was also a 
trouble that operation became complicated in them. . 
[0004] On the other hand, it considers as the method of un-polanzing silica gel, and the example which introduced the 
molecule with upright aromaticity like a biphenyl machine is reported, and in this case, separation discriminates the 
aromaticity of not only a polar difference but a molecule, and the difference of a configuration, and is performed. 
However generally, the aromaticity of a bulking agent causes peak tailing in a chromatography and ts made not 
desirable For example, the styrene-divinylbenzene copolymer particle with high aromaticity is known as a bulking 
agent for liquid chromatography, and the use as a bulking agent for reversed phase partition chromatographies ot a 
certain thing is extremely limited for the use as an ion exchanger or a bulking agent for gel permeation 
chromatographies. This is because peak tailing based on the pi-pi interaction between the aromaticity of a 
styrene-divinylbenzene copolymer and the pi electron of a solute often poses a problem. 

[0005] The purpose of this invention is to offer the bulking agent for reversed phase partition chromatographies which 
discriminates the configuration of a molecule, without using the nonpolar phase of aromaticity. This is attained when 
the nonpolar phase supported by silica gel has molecular orientation nature. The nonpolar phase supported is a 
polymerization object and another purpose of this invention is to offer the bulking agent which the end of one of the 
two of this polymerization object combined with silica gel. 

[Means for Solving the Problem] According to this invention, it is a general formula (** 1). 
[Formula 1] (R1 shows a hydrogen atom or a methyl group among a formula.) R2 — at least tCHZ; mUHJ 
containing — m — 3-21 — 8-21 are shown preferably n — 2-200 — 5-50 are shown preferably The bulking agent 
for reversed phase partition chromatographies which the polymerization object expressed combined with silica gel 
through X of an end is offered. 

[0007] Hereafter, this invention is explained still in detail. The bulking agent for reversed phase partition 
chromatographies of this invention is a bulking agent with which the polymerization object which can express with ** 
1 is obtained by making it combine with silica gel through X of an end. 

[0008] R1 in ** 1 is a hydrogen atom or a methyl group. R2 is a substituent containing the alkyl group to carbon 
numbers 4-22 Since the hydrophobic property is too small when the carbon number of the above R2 is less than four, 
maintenance capacity becomes small as a bulking agent for reversed phase partition chromatographies and 
separability ability is not bad desirable. Moreover, although the molecular orientation nature between R2 becomes high 
and separability also becomes high as a result so that a carbon number is large, acquisition of a raw material is 
difficult since the above R2 has the too high melting point, it has problems — it is hard to obtain a polymerization 
obJect 1_ and a 23 or more-carbon number compound is deficient in it to practicality. As R2 expressed with the 
aforementioned general formula (** 1) For example, a butyloxy machine, a hexyloxy machine, an octyloxy machine, a 
decyloxy machine, A dodecyloxy machine, a tetradecyl oxy-basis, a hexadecyl oxy-bas.s, The ester residues and 
butylamino machines of long-chain alcohol, such as an octadecyloxy machine, A hexylam.no machine the octyl amino 
group, the desyl amino group, a dodecylamino machine, The amide residue by long-chain amines, such as a tetradecyl 
amino group, a hexadecyl amino group, and an octadecylamino machine, etc. can be mentioned preferably, and it can 
use as independent or mixture on the occasion of use. . . . ^ a 

[0009] As for X in ** 1. what is a functional group for combining with silica gel the polymerization object expressed 
with ** 1 for example, reacts with direct silica gel like a propyl trimethoxysilyl machine, and is combined is good. 
However' the substituent which contains silica gel, and contains a carboxyl group, and a hydroxy! and the amino group 
in Above' X beforehand when having hydroxylated, amination or the carboxylation, and can be used and the 
polymerization object expressed with ** 1 in this case using a condensing agent like a dicyclohexylcarbodnm.de can 
be combined with silica gel. If especially Y in ** 1 is a residue which does not affect a chromatography property, it will 
not interfere, and a hydrogen atom is mentioned preferably. if , AAriil . ^ . 

[0010] In this invention, the polymerization object expressed with ** 1 makes TAKUSOGEN the monomer expressed 
with ** 2 which fulfills the conditions of the above R1 and R2 </SUB> the simplest, and is obtained by the 
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telomerization method using the telogen expressed with ** 3. 
[0011] 

[FoZla 3] X-(CH2) R p-Y [001 3] AsTAKUSOGEN expressed with ** 2 which fulfills the conditions of the above R1 
and R2 Butyl acrylate butyl methacrylate. a butyl acrylamide. Butyl methacrylamide. hexyl acrylate. hexyl 
methacrylate Ahexyl acrylamide, hexyl methacrylamide, octyl acrylate, Octyl methacrylate an octyl acrylamide, octyl 
meJhacry amide Decyl acrylate. desyl methacrylate. a desyl acrylamide. Desyl methacrylam.de. dodecylacrylate 
dotec^^c^Z A dodecyl acrylamide. dodecyl methacrylamide. tetradecyl acrylate. Tetr adecy. methacrylate. a 
tetradecyl acrylamide. tetradecyl methacrylamide. Hexadecyl acrylate, hexadecyl methacrylate . a hexadecyl 
acrylamide. Hexadecyl methacrylamide. octadecyl acrylate octadecy methacrylate. an ?^°*^*™**: a djrect 
octadecyl methacrylamide. etc. can be mentioned preferably. As ^.telogen expressed with ** 3, X carries out a direct 
reaction to silica gel. it is the functional group which can be combined and the high functional group of a chain 
transfer constant's used for Y. Although especially the alkyl chain ength (p) of the ^th^twTSs suc^ 
not limited, p can compound the thing of 2-6 on parenchyma. As a telogen expressed with ** 3 wh ch fulfills > such 
conditions although 3-mercapto propyltrimethoxysilane can be mentioned preferably to the particle which am.nated 
S gel beforehand. 3-mercapto butanoic acid, 5-mercapto hexanoic acid. etc. are beforehand mentioned for 
3-mercapto propylamine. 6-mercapto HEKIKI sill amine, etc. to the carboxylation or the hydroxylated part.de aga.n m 

[OOHnn this invention, the polymerization degree of the polymerization object expressed with ** 1 must be 2-200 at 
east The polymerization degree of 5-50 is preferably suitable, by the polymerization object o f *^^™*°%£ 
5-50 R2 which is a side chain improves molecular orientation, and separably good as a result is obtained. Although 
molecular orientation is also improved the polymerization object of polymer.zat.on degree 51-200 the rate of the 
residue X in ** 1 in the molecule of a piece falls, and react.v.ty w.th silica gel becomes bad. By the with a 
polymerization degree of 201 or more polymerization object since solubil.ty also decreases, the rate of Residue X not 
S falls remarkably, but becomes uncombinable to silica gel on substance^Regulation of polymer.zat.on degre , can 
be easily attained by adjusting the mixed mole ratio of a telogen and TAKUSOGEN. when using a telogen w.th the 
sulfhydryl group which has a chain transfer constant high like 3-mercapto propyltr.methoxys.lane. 
[0015] Z this invention, the method of making a SHIRIGAGERU part.cle supporting the polymerization object 
expressed Iwrth ** 1 is divided roughly, and there are two kinds. When X of a polymerization object expressed with ** 
1 can react with the silanol residufof direct SHIRIGAGERU like a trimethoxysilyl machine. » P°'^»^ ft °^« n 
be combined with silica gel by mixing with silica gel the polymerizat.on object made to support and keeping it loose at 
^OT deSJes C with scrambling into an organic solvent, for about 1 2 hours. A carbon tetrachlor.de chlorofor^ a 
tetrahydrffuran. a dioxane. etc. can be used as an organic solvent. When X of a polymerizafon object expressed w.th 
Z 1 1 or. the other hand, using partial amination silica gel when X of a polymer.zat.on object expressed w.th ** 1 
contains a carboxyl group contains the amino group and a hydroxy!, a polymerization object can be combined w.th 
silS gel by the usual condensing method using partial carboxylation silica gel. A dicyclohexylcarbodum.de. a diethyl 
phosphoric-acid cyanide, etc. can be used as a condensing agent. . 

[0016] In order that the bulking agent for reversed phase partition chromatographies of this invention may raise 
separability ability, as for the silica gel used as support, it is desirable that .t is a porosity spherical part.cle. In th.s 
case, although a spherical diameter depends for the purpose of separation strongly in the use wh.ch is mainly 
concerned with analysis, a diameter is several micrometers - 10 micrometers, and the narrow thing of particle s ze 
a rstribution7s used. On ihe other hand, in the use which is mainly concerned with high-speed extensive Preparative 
isolation in consideration of the high rate-of-flow property in a chromatography, the particle of a b.gger particle size, 
for example, several 1 0-micrometer thing, is used. m a*k«H 
[0017] The bulking agent for reversed phase partition chromatograph.es of this invention can be used by the method 
of filling up a column like the usual silica gel system bulking agent for reversed phase partition chromatograph.es etc. 

[Effect of the Invention] It can offer the reversed phase partition chromatography which discriminates the 
configuration of a molecule where the molecular orientation nature of a nonpolar phase was used whje * attams the 
same separation as the conventional bulking agent for reversed phase partition chromatography, s.nce the bulking 
agent for reversed phase partition chromatographies of this invention is mak.ng the nonpolar phase without 
aromaticity which carried out molecular orientation highly support on s.l.ca gel. Furthermore since the supported 
nonpok ^ phase does not have aromaticity. it does not show the pi-pi interaction w.th a solute molecule which .s not 
desirable. Furthermore, the supported nonpolar phase is a polymerization object and s.nce the end of one of the two 
of this polymerization object combined and makes it silica gel. it has flex.b.l.ty. therefore .t shows change of the 
degree of moLcular orientation accompanying temperature. Analysis time can be shortened b V d i^ r tem P e ; a s ture ' 
without using special gradient melting also in a solute as can control the holding time of a solute, therefore shows 
superfluous maintenance, if change of this degree of molecular orientation is used. 

[Example] Hereafter, although an example, the example of an examination, and the example of comparison explain this 

etnanol ^nd ^t stirWd for 10 minutes, introducing nitrogen gas. Next the azobisisobutyronitn. was added as aviator 
and radical telomerization was performed in the preparation ratio of the telogen shown .n Table 1 1 J AKUS °° EN 
on 80 degrees C and the conditions of 6 hours under nitrogen gas atmosphere. It cooled rad.ationally tc .the » room 
temperature, the sludge was carried out the ** exception on the G-5 glass filter, and washing and the polymer zation 
oblect which is made to carry out reduced pressure drying and is made into the purpose were fully obtained with the 
methanol and the acetone. This polymerization object is hereafter abbreviated to ODAn. In addition, ,n th.s cable 
address, n expresses average degree of polymerization. 
[0021] 
[Table 1] 
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[0022] Obtained ODAn was melted with heavy chloroform and H-NMR determined average degree of polymerization n. 
Moreover, differential scanning calorimetric analysis determined the phase transition temperature of ODAn. It put into 
the 3 mouth round bottom flask with the carbon tetrachloride with the mixing ratio which showed obtained ODAn and 
silica gel (dryness) in Table 2. The churning seal and the reflux cooling pipe were given to this, and it put into the 
80-degree C oil bath, and agitated for 12 hours. It collected by G5 glass filter after the churning end, and after the 
carbon tetrachloride washed, the silica gel which supported ODAn by **** was obtained. Elemental analysis 
determined the amount of support and the structure of a support object was checked by the infrared absorption 
spectrum and differential scanning calorimetric analysis. 
[0023] 



3/6 



02/08/16 19:34 



httpjZ/www4. ipdljpo.go.jp/cgi-bin/tran_web_cgi_eije 



[Table 2] 
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[0024] The polymerization object made into the purpose by the same method as an example 1 was obtained except 
having changed as the kind of an example 2-6 taxi sow gene and its preparation ratio, a solvent, reaction 
temperature, etc. were shown in Table 1 . the cable address of a polymerization object — use — taxi the bottom — a 
sow — a gene — it created according to the kind and was shown all over Table 1 In addition, in this cable address, n 
expresses average degree of polymerization. Support of a up to [ the silica gel of a polymerization object ] made silica 
gel support a polymerization object with the same method as an example 1. 

[0025] The polymerization object made into the purpose by the same method as an example 1 was obtained except 
having changed as the kind of example 7 telogen and its preparation ratio, a solvent, reaction temperature, etc. were 
shown in Table 3. The cable address of a polymerization object was created according to the kind of used telogen, and 
was expressed all over Table 3. In addition, in this cable address, n expresses average degree of polymerization. 
[0026] 
[Table 3] 



4/6 



02/08/16 19:34 



http^www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 















7 


8 


9 


1 0 




j - / /k// / r / u 


j-/ / r / w 


J ~ f /r /; / | / M 


1-7" Dt° 












\J:LL ±14. PIJ/ 


( 3 ) 


(8 5) 


( 2 ) 


(2 ) 


^7 /7 " / . /t* "V 

y y y y 


•f h hi** vJb 


A /7 J 


A J t ) J tv 






7$ "JU — ^ 










ft; 




(10 0) 


(10 0) 




^ / — ;V 


> -ri > 


> -t? > 






f 4 0 0) 


(8 7 0) 


(8 7 0) 


(8 0 0) 




8 0 


7 5 


7 5 


8 0 












±£=. O Wt J I "J 


6 


1 2 


1 2 


6 


(h r) 










Hi. cj KP-'lAlLL 




7 7 


7 2 


5 4 












ffr A rfF 


1 Q 7 


8 0 


4 2. 7 


5 7. 3 




> 8 0 


4 2.2 


5 0. 1 


5 0. 3 














AODA 20 


AOD A fl 


AOD A, j 


CODA,, 



[0027] It put into the 3 mouth round bottom flask with the tetrahydrofuran with the mixing ratio which showed the 
obtained polymerization object and partial amination silica gel (dryness) in Table 2. The JIJIKURO hexyl carbodiimide 
was added to this, the churning seal and the reflux cooling pipe were attached, and it agitated at the room 
temperature for 24 hours. It collected by G5 glass filter after the churning end, and after washing by the 
tetrahydrofuran, the silica gel which supported the polymerization object by **** was obtained. Elemental analysis 
determined the amount of support and the structure of a support object was checked by the infrared absorption 
spectrum and differential scanning calorimetric analysis. 

[0028] The polymerization object made into the purpose by the same method as an example 1 was obtained except 
having changed as the kind of eight to example 10 telogen and its preparation ratio, a solvent, reaction temperature, 
etc. were shown in Table 3. The cable address of a polymerization object was created according to the kind of used 
telogen, and was shown all over Table 3. In addition, in this cable address, n expresses average degree of 
polymerization. Support of a up to [ the silica gel of a polymerization object ] made silica gel support a polymerization 
object with the same method as an example 7 except having changed as the mixing ratio of a polymerization object 
and silica gel and a reaction solvent, temperature, etc. were shown in Table 2. 

[0029] Example of examination 1 particle D3.3g (dryness), 1-hexanol 15ml, chloroform 15ml was put into 100ml beaker, 
and it was made to distribute for about 15 minutes using an ultrasonic washer. After putting into the packer which 
connected this to the stainless steel column with a diameter [ of 4.6mm ], and a length of 30cm and filling an opening 
with the mixed solvent (1:1) of 1-hexanol and chloroform, chloroform was poured by rate-ofHlow 8 ml/min. The rate 
of flow was adjusted so that a pressure might become 450 kg/cm2, and ROROHORUMU was passed by this pressure 
for 30 more minutes. The column was removed from the packer, the filter was attached, 100ml chloroform and the 
100ml methanol were poured by rate-of-flow 1 ml/min, and restoration was completed. Liquid chromatography was 
carried out as a methanol/water (9:1) to the eluate, using benzene, ethylbenzene, a butylbenzene, hexyl benzene, and 
octyl benzene as a sample. As shown in drawing 1 , all the samples obtained the chromatogram separated completely. 
[0030] After filling up the example of examination 2 particle A with the same method as the example 1 of an 
examination into a column, using o-terphenyl of non-smoothness, and the triphenylene of smoothness as a sample, 
the methanol was used for the eluate and liquid chromatography was carried out. As shown in drawing 2 , two samples 
obtained the chromatogram separated completely, alpha value used as the scale of separability was 4.5. 
[0031] About the column produced in the example 2 of example of examination 3 examination, using benzene, 
naphthalene, an anthracene, a pyrene, and triphenylene as a polycyclic aromaticity compound, as a sample, the 
methanol was used for the eluate and liquid chromatography was carried out. As shown in drawing 3 , there is no peak 
tailing which is not desirable and it checked that all samples could dissociate completely. 

[0032] About the column produced in the example 2 of example of examination 4 examination, the methanol was used 
for the eluate, temperature was changed, using an anthracene and triphenylene as a sample, and liquid 
chromatography was carried out. Consequently, the graph ( drawing 4 ) which shows the special temperature 
dependence to the holding time was obtained. In addition, the temperature from which the holding time changes 
remarkably checked that it was in agreement with the phase transition temperature of the supported nonpolar phase. 
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[0033] The same examination as the example 4 of an examination was performed using ODS as a bulking agent for 
reversed phase partition chromatographies of example of comparison 1 marketing. The separability alpha value of 
o-terphenyl and triphenylene was only 1.4. 

[0034] The same examination as the example 3 of an examination was performed using ODS as a bulking agent for 
reversed phase partition chromatographies of example of comparison 2 marketing. The graph ( drawing 5 ) which 
shows the linear temperature dependence to the holding time was obtained. In addition, used ODS checked that phase 
transition behavior was not shown at all within a measurement temperature requirement by differential scanning 
calorimetric analysis. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The chromatogram in the example 1 of an examination which examined separation of the mixture of 
benzene, ethylbenzene, a butylbenzene, hexyl benzene, and octyl benzene is shown using Particle D. 
[Drawing 2] The chromatogram in the example 2 of an examination which examined separation of o-terphenyl and the 
mixture of triphenylene is shown using Particle A. 

[Drawing 3] The chromatogram in the example 3 of an examination which examined separation of benzene, 
naphthalene, an anthracene, a pyrene, and the mixture of triphenylene is shown using Particle A. 
[Drawing 4] In the example 4 of an examination, the result which plotted the maintenance ability to the anthracene 
and triphenylene of Particle A to temperature is shown. Tc in drawing shows the phase transition temperature of 
Particle A. 

[Drawing 5] In the example 2 of comparison, the result which plotted the maintenance ability to the anthracene and 
triphenylene of ODS to temperature is shown. 
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